We compare 4d lattice results for the finite temperature phase transition in the SU(2)+Higgs model with 3d lattice results for the phase transition in the corresponding dimensionally reduced effective theory. While the large errorbars and the lack of a relation of the 4d lattice gauge coupling to continuum physics prevent rigorous conclusions, the results are nevertheless compatible.
1. Due to its effect on the baryon number of the Universe, the electroweak phase transition in the Standard Model and beyond is of considerable interest (for a review, see [1] ). The first question to be asked is whether the phase transition is strongly enough of first order for cosmological consequences. It turns out that even this simple question is difficult to answer reliably, due to the infrared (IR) problem in finite temperature field theory. This has led to several lattice investigations of the problem [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
There are two different lattice approaches available. First, there are the finite temperature 4d simulations of the bosonic SU(2)+Higgs theory [2] [3] [4] [5] [6] . Second, there are 3d simulations [7] [8] [9] [10] [11] [12] of an effective theory obtained with dimensional reduction [13, 14] from the original theory. Recently, the extrapolation to the continuum limit has been investigated both in 4d [6] and in 3d [8] . Hence, a comparison of the results should become possible, allowing to check non-perturbatively the validity of the perturbative dimensional reduction used in the derivation of the effective 3d theory. We will make the comparison in a part of the parameter space where corrections to the 3d theory are largest and where the transition is strong enough to be accessible also to the 4d simulations. However, the corrections are still very small and hence the 4d and 3d results turn out to agree within errorbars.
2.
Let us start by briefly reviewing the main features of the two approaches. In principle, the more straightforward way of solving the problem is the 4d approach, in which the original theory is put as such on the lattice. The parameters of the lattice action are fixed from masses and from a suitably defined coupling constant measured at zero temperature. Then the lattice shape is changed so as to go finite temperature.
Unfortunately, there are a few problems with the 4d approach. First, one cannot put the chiral fermions appearing e.g. in the Standard Model on lattice, and hence one can only study the bosonic sector of the theory. This is unacceptable, since especially the heavy top quark is numerically important for the electroweak phase transition. Second, it is not known how the renormalized lattice gauge coupling g The 3d approach overcomes most of the direct problems of the 4d approach. Chiral fermions appear only in the perturbative dimensional reduction step and hence the final effective theory is purely bosonic. The 3d gauge coupling of the effective theory is in direct perturbative relation to the original zero temperature 4d gauge coupling in MS or any other desired scheme (in the Standard Model, it is related directly to the muon lifetime). Finally, dimensional reduction removes the smallest length scale (2πT ) −1 from the problem, making the simulations technically less demanding. Hence one can easily go to larger Higgs masses. In practice, 4d simulations have concentrated on m H = 34 GeV, whereas in 3d the continuum limit has been taken up to m H ≈ 70 GeV. On the other hand, the 3d approach of course relies on perturbation theory in the derivation of the effective theory. While the perturbation theory used is free of IR-problems and is hence expected to be as accurate as perturbation theory at zero temperature, it might nevertheless be useful to check its accuracy non-perturbatively. In particular, to obtain the simplest possible effective theory, one neglects higher-dimensional radiatively generated operators with small coefficients, for instance of the type
In principle, there might also be non-local operators generated at high loop orders. The perturbative estimates made in [14] indicate that the effects of higher-order operators should be on the 1% level (for other estimates, see [13] ). The problems and benefits of the two approaches suggest that one should take a bosonic theory resembling the true original theory, and study the accuracy of dimensional reduction at a Higgs mass accessible to both ways of making simulations. Then one can use the 3d theory to include fermions and to go to higher Higgs masses.
To investigate the accuracy of dimensional reduction, we will in this paper compare the results of 4d and 3d simulations for the bosonic SU(2)+Higgs model at the zero temperature pole Higgs mass of about 34 GeV. Hence the U(1) subgroup and the fermions of the Standard Model are neglected. Since the Higgs mass is small, the transition is strong and the vacuum expectation value v/T c = φ /T c of the Higgs field is large in the broken phase. Consequently, the comparison should be sensitive to higher dimensional operators of the type in eq. (1).
3. The 4d results relevant for the comparison are taken from [5, 6] . For the zero temperature parameters, an extrapolation to the continuum limit has there been taken. The relation of the Higgs mass to the W mass is m H /m W = 0.422(11), which for m W = 80.22 GeV gives m H = 33.9(9) GeV (the number in parentheses is the error of the last shown digit). We shall assume m H = 34(1) GeV. The renormalized gauge coupling defined in [4] has the value g For the properties of the phase transition, the extrapolation to the continuum limit is not quite perfect yet. The critical temperature has been extrapolated to be T c /m H = 2.147(40), but the fit is much affected by the point where the temporal extension of the lattice is L t = 2, relatively far from the continuum limit L t = ∞. The latent heat has been measured to be L/T [6] , but there are large systematic errors since the relation of the lattice observable to continuum values is unclear (it should be noted that v is defined as v 2 ∝ φ † φ , leading to a gauge independent but scheme dependent quantity). The 4d results used for the comparison [5, 6] . The fit to the continuum limit L t = ∞ has been studied only for T c . To avoid confusion in the comparison with 3d results, the order parameter in the broken phase is denoted here byṽ (the definitions are different in 4d and 3d). [8] . These results represent the continuum limit apart from the surface tension for m H = 29.1 GeV, in which case the continuum limit was not investigated.
are summarized in Table 1 .
4.
The 3d results relevant for the comparison can be read from Table 10 in [8] . In particular, the second block gives the lattice values for the relevant dimensionless 3d observables, and the third block gives the corresponding 4d physical quantities. The results of the third block are reproduced in Table 2 .
Two things should be noted from Table 2 , relevant for the comparison with 4d lattice results. First, the pole Higgs masses studied do not include 34 GeV. For the sake of the comparison, one should hence make an interpolation to this Higgs mass. Second, the results shown correspond to the MS gauge coupling g 2 (m W ) = 0.420 (this value is close to that in the Standard Model). Since 4d simulations were made with a different gauge coupling, one also has to study how the results depend on g 2 . Fortunately, the scaling with g 2 can easily be studied since the same 3d results describe simultaneously a large class of different 4d theories. We shall first explain the precise way of doing the interpolation of m H and the scaling of g 2 , which was used for deriving the numerical values below. Then we also explain an approximate procedure for getting a rough estimate of the numbers without having to resort to the precise form of the analytical formulae [14] of dimensional reduction.
5. The precise way of doing the interpolation of m H and change in g 2 is based on the dimensionless quantities x, y c , ∆ℓ 3 , ℓ b 3 , σ 3 of the 3d theory and on their relation to 4d physics as explained in Sec. 11 of [8] . It should be noted that the values measured for these quantities in 3d are independent of the value of g 2 and of the formulae for dimensional reduction.
First, we need an interpolation of y c , ∆ℓ 3 , ℓ b 3 , σ 3 to all x. Since there are only three lattice points and since they are rather far from each other, we use perturbation theory to get a better fit. For y c which is close to zero at the critical point, we subtract from the lattice value the 2-loop perturbative value and then fit a parabola to the difference. For the other quantities, we calculate the ratio of the lattice and perturbative values and fit a parabola to this. With this procedure, one should get a reasonable interpolation for the critical curve y = y c (x) and for the values of ∆ℓ 3 , ℓ b 3 along it. For the surface tension, there is only data point (m H = 54.4 GeV; the tree-level Higgs mass is then m * H = 60 GeV) in the continuum limit in Table 10 of [8] , and this is pretty far from the point m H = 34 GeV. Hence, to get some kind of a comparison also for the surface tension, we include the value of σ 3 at m H = 29.1 GeV and an estimate of the surface tension at m * H = 70 GeV from [10] (11.6) and (11.7) of [8] .
With the method explained, we get the results in Table 3 . We have not added any errors from the interpolation to the values of T c , L/T 4 c or v/T c . The error of T c is mainly determined by the uncertainty in the Higgs mass, and might be slightly underestimated. For σ/T 3 c we give just the percentual error of the m H = 54.4 GeV continuum limit; if there were simulations at the pole mass m H = 34 GeV (in which case the tree-level mass parameter is m * H ≈ 41 GeV) the errors would be considerably smaller.
6. For a rough estimate of the numbers of Table 3 , one can use a simplified procedure. First, just interpolate the values in Table 2 
